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PROBLEM TO BE SOLVED: To manufacture a 
photovoltaic device array which is enhanoed in 
conversion efficiency and durability by a method, 
wherein the photovoltaic device array where devices are 
connected in series by irradiation with a laser beam is 
restrained from increasing in series resistance. 
SOLUTION: First a metal layer 102 is formed. Then, a 
first transparent conductive layer 103 which contains at 
least fluorine is formed. Thereafter, the metal layer 102 
and the transparent conductive layer 103 are separated 
into N regions A1 to An which are electrically isolated 
from each other. Then, a photoelectric conversion layer 

105 is formed. A second transparent conductive layer 

106 is formed and then separated into regions B1 and 
Bn corresponding to the regions A1 to An, wherein the 
regions B1 and Bn are electrically isolated from each 
other. Then, the region Ai of the first transparent 
conductive layer 103 is electrically connected with the 
region BI+1 (1£i<rr-1) of the second transparent 
conductive layer 106, by irradiation with a laser beam. 



LEGAL STATUS 

[Date of request for examination] 02.06.2000 

[Date of sending the examiner's decision of 20.08.2002 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 





http://www1 9 Jpdl.inpit.go jp/PA1 /result/detail/main/wAAARVayimD A409260695... 2007 /1 1 /22 



2007$1lfl26B 13«3& SUGIMURA PATENT INT. NO. 5814 P. 4 

Searching PAJ 2/2 ^— 

decision of rejection] 
[Date of extinction of right] 



http://www1 9 Jpdl -inpit_go jp/PAl /result/detaj|/main/wAAARVayimDA409260695... 2007 /1 1/22 



JP,09-260695,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process which forms a metal layer, and the process 2 which forms the 1st transparence conductive layer which 
contains a fluorine at least, n fields which separated electrically said metal layer and said transparence conductive layer, and Al from - 
- An With the 3rd process to form the 4th process which forms a photo-electric-conversion layer, and the 2nd transparence conductive 
layer -- forming - said 2nd transparence conductive layer - said Al from - An Field Bl which it corresponded and was separated 
electrically from - Bn With the 5th process to form Field Ai of said 1st transparence conductive layer The manufacture approach of 
the photovoltaic-cell array characterized by including the 6th process which connects electrically field Bi+1 (1 <=i<=n - I) of said 2nd 
transparence conductive layer by laser radiation. 

[Claim 2] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by using laser radiation in said 
1 st process and/or 5th process. 

[Claim 3] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by performing said process 1 on 
an insulating substrate. 

[Claim 4] The manufacture approach of the photovoltaic-cell array according to claim 3 characterized by said insulating substrate 
mainly consisting of resin. 

[Claim 5] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by forming an insulating layer 
on a conductive substrate and performing said process I . 

[Claim 6] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by the thing for which said 
metal layer is chosen from gold, silver, copper, aluminum, or magnesium, and which have a kind at least. 
[Claim 7] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by said 1st transparence 
conductive layer containing a zinc oxide. 

[Claim 8] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by said photo-electric- 
conversion layer containing a fluorine. 

[Claim 9] The manufacture approach of the photovoltaic-cell array according to claim 1 characterized by said 2nd transparence 
conductive layer containing a fluorine. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a photovoltaic-cell array. 
[0002] 

[Description of the Prior Art] Conventionally, in order to raise the output voltage of a solar battery, the integration solar battery which 
makes the array of the component by which series connection was carried out on the same substrate is known. The technique, i.e., the 
technique of a laser scribe, of dividing a transparence conductive layer and a photo-electric-conversion layer, using laser as the 
approach is indicated by U.S. Pat. No. 4292092. Moreover, connecting an up electrode and a lower electrode using laser is indicated 
by U.S. Pat. No. 4697041. 

[0003] Moreover, preparing a transparence conductive layer between a metal layer and a semi-conductor layer is indicated by for 

example, the U.S. Pat. No. 4532372 number. 

[0004] 

[Problem(s) to be Solved by the Invention] In the photovoltaic-cell array which carried out series connection, in order not to reduce 
light-receiving area, it is desired for the width of face of the electrical connection by laser connection of an up electrode and a lower 
electrode to be small as much as possible. However, this request had the trouble of the specific resistance of this electrical connection 
having increased and causing increase of the series resistance of a photovoltaic-cell array which carried out series connection. 
[0005] In the case of the structure which carried out the laminating of the insulating layer of SiC, the metal layer of aluminum, and the 
transparence conductive layer of a zinc oxide on the metal substrate, to laser light, since permeability is large, remarkable beam 
reinforcement is needed for formation of the slot which divides a lower electrode, i.e., aluminum, and a zinc oxide, an insulating layer 
receives damage, and a short circuit with a metal substrate tended to generate a zinc oxide. Moreover, also in the case of the structure 
which carried out the laminating of a metal layer and the transparence conductive layer on insulating resin film substrates, such as 
polyimide, there was a trouble of damaging a resin film substrate with the energy of a laser beam. 

[0006] Moreover, when a zinc oxide is used as a transparence conductive layer, using aluminum as a metal layer, as a result of the heat 
by laser radiation conducting a zinc-oxide layer, and the oxygen in a zinc oxide being incorporated by aluminum and leaving zinc, 
there was a trouble that the light transmission nature of a transparence conductive layer got worse. Moreover, when forming the slot 
which divides electrically the transparence conductive layer by the side of an up electrode, i.e., optical incidence, by laser light, there 
was a trouble that the photo-electric-conversion layer currently formed in the bottom of the 2nd transparence conductive layer received 
damage by heat. 

[0007] Furthermore, when connecting an up electrode and a lower electrode using laser, the transparence conductive layer of a semi- 
conductor layer, the upper part, and/or the lower part might produce exfoliation with the energy of laser. 
[0008] 

[Means for Solving the Problem] this invention persons have attained by the following manufacture approaches, as a result of 
considering the manufacture approach of a photovoltaic-cell array wholeheartedly, in order to solve the above-mentioned trouble. 
[0009] The 1st process in which this invention forms a metal layer, and the process 2 which forms the 1st transparence conductive 
layer which contains a fluorine at least, n fields which separated electrically said metal layer and said transparence conductive layer, 
and Al from ~ An With the 3rd process to form the 4th process which forms a photo-electric-conversion layer, and the 2nd 
transparence conductive layer ~ forming — said 2nd transparence conductive layer - said Al from — An Field Bl which it 
corresponded and was separated electrically from — Bn With the 5th process to form Field Ai of said 1st transparence conductive layer 
It is the manufacture approach of the photovoltaic-cell array characterized by including the 6th process which connects electrically 
field Bi+1 (1 <=i<=n -1) of said 2nd transparence conductive layer by laser radiation. 

[0010] Furthermore, this invention is the manufacture approach of the photovoltaic-cell array which has the following descriptions. 
[001 1] Laser radiation is used in said 1st process and/or 5th process. 
[0012] Said process 1 is performed on an insulating substrate. 
[0013] Polyimide is used as an insulating substrate. 

[0014] An insulating layer is formed on a conductive substrate and said process 1 is performed. 

[0015] As said metal layer being chosen from gold, silver, copper, aluminum, or magnesium, it has a kind as it is few. 

[0016] Said 1st transparence conductive layer contains a zinc oxide. 

[0017] Said photo-electric-conversion layer contains a fluorine. 

[00 1 8] Said 2nd transparence conductive layer contains a fluorine. 

[0019] 

[Embodiment of the Invention] The manufacture approach of the photovoltaic-cell array by this invention is explained according to 
drawin g 1 . 

[0020] The metal layer 102 and the 1st transparence conductive layer 103 deposit drawing 1 (a) on the front face of a substrate 101, 
and it expresses the condition that the slot 104 was formed further. The lower electrode 102, i.e., a metal layer, and the transparence 
conductive layer 103 are electrically divided by these slots. 

[0021] (Substrate) As a substrate 101, the thing in which the insulating layer was formed on the insulating substrate or the conductive 
substrate is used. As an insulating substrate, resin films, such as polyimide and PET (polyethylene terephthalate), are used suitably. 
Moreover, as a conductive substrate, stainless steel, aluminum, copper, a zinc steel plate, etc. are used suitably. These metal plates 
may be cut and used for a fixed configuration, and may be used with the gestalt of the shape of a long sheet. In this case, since it can 
wind around a coiled form, it is suitable for the mass production and storage and transportation also become easy. Although a mirror 
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plane is sufficient as the front face of a substrate, there may be suitable irregularity. 

[0022] It is necessary to have the specific resistance more than 1012-ohmcm preferably more than at least 1010-ohmcm also under the 
conditions by which light is irradiated as an insulating layer formed on a conductive substrate. Moreover, it is necessary to bear the 
temperature (usually 200 degrees C or more) added by deposition of an electrode or a semi-conductor, and the temperature (it to be 
expected for that it becomes about 1000 degrees C momentarily) further added in laser beam machining. As an ingredient which 
fulfills these conditions, there are the diamond film, a silicone film, a carbonization silicone film (the presentation ratio 0 of C and 2 or 
less), aluminum-oxide film, a silicon nitride film, a calcium fluoride, silicon oxide, etc. These film can be deposited in the shape of a 
conductive substrate by approaches, such as sputtering, plasma CVD, and ion plating. 

[0023] (Transparence conductive layer) As 1st transparence conductive layer 103, metallic oxides, such as a zinc oxide, tin oxide, 
cadmium oxide, and cadmium SUTANEITO, are used suitably. Furthermore, the fluorine which is the description of this invention is 
added. The effectiveness of the fluoridation is as follows. 

[0024] That is, when the ! st transparence conductive layer and the 2nd transparence conductive layer are electrically connected by 
laser light, by work of a fluorine, the specific resistance of this connection can be lowered and increase of series resistance of a 
photovoltaic-cell array can be prevented effectively. 

[0025] When laser light is used on the occasion of division of the lower electrode 102, i.e., a metal layer, and the 1st transparence 
conductive layer 103, the transparence conductive layer by which the fluorine was added prevents damage on a substrate, while 
division becomes easy, in order to absorb effectively the laser light of a near infrared region, for example, the fundamental wave of an 
YAG laser. When especially a conductive substrate is used, it can prevent even an insulating layer's being destroyed by the exposure 
of laser light and a short circuit arising. Moreover, also when insulating substrates, such as a resin film, are used, it can prevent resin 
carrying out conversion with heat. Furthermore, although the 1st transparence conductive layer 103 and photo-electric-conversion 
layer 105 might exfoliate on the occasion of the laser radiation for the electrical installation of an up electrode and a lower electrode, 
the fluoridation can protect this phenomenon. 

[0026] Furthermore, connection of both layers becomes good and the transparence conductive layer by which the fluorine was added 
can improve ohmic nature, when the photo-electric-conversion layer 105 which touches the 1st transparence conductive layer 103 is a 
n-type semiconductor, in order to show n mold. 

[0027] Furthermore, since the internal stress generated in the interface of the 1st transparence conductive layer 103 and the photo- 
electric-conversion layer 105 is reduced, the photodegradation of a photovoltaic cell and oscillating degradation can be controlled. 
[0028] Furthermore, it can control that the oxygen of the transparence conductive layer 105 combines with the component of the metal 
layer 104, and the light transmittance of the transparence conductive layer 105 falls. When aluminum is used as a metal layer, since it 
is easy to combine aluminum with oxygen, this effectiveness is remarkable. Moreover, it can prevent spreading the component of the 
metal layer 102 in the photo-electric-conversion layer 105, and degradation of a component can be controlled. This effectiveness is 
remarkable when a lifting and cone silver are used for migration especially as a metal layer 102. 

[0029] The content of a desirable fluorine is 0-05 to 30 atoms %, and is pentatomic % from 0-2 more preferably. Moreover, the front 
face of the 1st transparence conductive layer 103 may have irregularity. 

[0030] The spray method which used Zn content gas and fluorine content gas, the approach of carrying out sputtering using the target 
(ZnO:F) of ZnO containing a fluorine, the approach of carrying out sputtering of the Zn target in a fluorine ambient atmosphere, the 
plasma-CVD method using Zn content gas and fluorine content gas, etc. are used for formation of the 1st transparence conductive 
layer 103. 

[0031] (Division means of a lower electrode) Especially as means forming of the lower part groove 104 of a lower electrode, the 
approach (laser scribe) by laser light is used suitably. 

[0032] In a laser scribe, they are an YAG laser and C02. Although laser, an excimer laser, etc. can be used, especially an YAG laser is 
used suitably. The 0.53-micrometer light of the 2nd higher harmonic which uses a nonlinear optical element together to others with a 
fundamental wavelength of 1 .06 micrometers, and is acquired can also be used. Although an YAG laser can also perform 
continuously-transmitting actuation, in order to obtain high peak power, it is used in Q switch pulse dispatch actuation in many cases. 
The frequency of Q switch pulse dispatch is usually several kHz to about dozens of kHz, and the duration of one pulse is before or 
after 1 00ns. 

[0033] The outline of the optical system for laser processing is shown in drawing 2 .201 is a body of laser. In this, the Q switch and 
the nonlinear optical element are incorporated if needed. 202 is a power source and turns on the excitation light source of laser. 203 is 
a cooling system and circulates through cooling water. 204 is the outputted laser beam, and it is bent 90 degrees with a dichroic mirror 
205, is condensed with a lens 206, and it is irradiated by the sample 207. A sample 207 is attached on a stage 208, it moves 
horizontally on a stage 208 at the rate decided by the controller 609, and a beam scans a sample front face. In the case of a large-sized 
sample, the beam may be moved using a polygon mirror. The light from the source 210 of the illumination light is collimated with a 
lens 21 1, it is bent 90 degrees by the dike lock mirror 212, and a sample 207 is illuminated. The situation of processing is photoed with 
the IVT camera 2 1 4, and observation of it is possible on that spot by the monitor 215. 

[0034] (Photo-electric-conversion layer) Drawing 1 (b) expresses the condition of having formed the photo-electric-conversion layer 
105. It consists of the structure including pn junction, pin junction, the Schottky barrier, etc. as a photo-electric-conversion layer 105. 
Especially the non-single crystal semiconductor of pin junction is used suitably. Si, SiGe, SiC, etc. are used as a semi-conductor, and 
B, P, etc. are used as a valence-electron control agent. A plasma-CVD method, the bias spatter method, etc. are used for the formation. 
The thickness of the photo-electric-conversion layer 105 is about 1000 to 5000A. Moreover, by containing a fluorine, the photo- 
electric-conversion layer 105 contributes to mitigation of series resistance in the case of the series connection by laser radiation. That 
is, it makes it easy melting and to crystallize and form low resistance for the 1st transparence conductive layer, a photo-electric- 
conversion layer, and the 2nd transparence conductive layer by laser light. Moreover, adjustment with the 1st transparence conductive 
layer and/or the 2nd transparence conductive layer which similarly contain a fluorine is improved. A fluorine works effectively as a 
terminator of the dangling bond in an amorphous semiconductor to coincidence. Moreover, it is good also as structure which carried 
out the laminating of two or more photo-electric-conversion layers. 

[0035] (2nd transparence conductive layer) Drawing 1 (c) forms the 2nd transparence conductive layer 106 on the photo-electric- 
conversion layer 105, and expresses the condition that the up part groove 107 divided the 2nd transparence conductive layer 106 
electrically further. As 2nd transparence conductive layer 106, indium tin oxide, a zinc oxide, etc. are used suitably. A fluorine may be 
added by the same reason as the 1 st transparence conductive layer and a photo-electric-conversion layer. Approaches, such as 
resistance heating vacuum evaporationo, sputtering, plasma CVD, and ion plating, are used for the formation. Formation of the up part 
groove 107 uses a mask for the part which forms the approach by (1) laser light, and (2) slots, the approach of vapor-depositing the 
2nd transparence conductive layer 106, and (3) - photolithography processing being performed to the 2nd transparence conductive 
layer 1 06 deposited uniformly, and in the approach of forming a slot, and (4) electrolytic solutions By energizing between the 
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electrode of the shape of the shape of a knife allotted near the 2nd transparence conductive layer, and a wire, and this transparence 
conductive layer, the method of dissolving this transparence conductive layer or deteriorating the compound of high resistance etc. is 
possible. 

[0036] (Series connection) DrawingJ, (d) expresses the condition of having formed the connection 108 for connecting electrically the 
2nd transparence conductive layer 106 which adjoins the 1st transparence conductive layer 103, and having formed the current 
collection electrode 1 09. Low resistance can be formed by crystallizing the photo-electric-conversion layer 1 05, or making it alloy 
with the 1st transparence conductive layer by the exposure of laser light as the formation approach of a connection 108. This 
connection may be a straight line-like like drawing 3 a, and may be a spot-like like drawing 3 b. Or a slot is formed by the exposure of 
laser light and there is also a method of filling this slot with the conductive matter. 

[0037] (Current collection electrode) Drawing 3 expresses the top view of drawing 1 (d). The current collection electrode 301 of 
Kushigata is formed on the 2nd transparence conductive layer 304. The current collection electrode 301 is connected with the bus bar 
302. On the connection 305, a bus bar 302 accompanies the up part groove 303, and is formed. As the formation approach of the 
current collection electrode 109, the approach of screen-stenciling conductive pastes, such as a silver paste and carbon paste, and the 
mask which the hole in kushigata opened are carried, and the approach of vapor-depositing silver, chromium, etc., the approach of 
carrying out heating sticking by pressure of the metal wire covered with a conductive paste, etc. are mentioned 
[0038] 
[Example] 

(Example 1) After setting the polyimide substrate with a magnitude of I0x30cm in DC magnetron sputtering equipment and heating it 
at 1 50 degrees C, using aluminum target, 50sccm installation of the Ar was carried out, DC power of 400V was impressed, Ar plasma 
was occurred, aluminum film with a thickness of 3000A was deposited, and it considered as the metal layer 102. 
[0039] After heating the substrate which aluminum film deposited at 500 degrees C, a part for 1 x I0-3mol/and difloro chloromethane 
were sprayed for the steam of acetylacetone complex salt, a part for 2.51./was sprayed for 0.051. part [ for f] and N 2 gas, 600A of zinc 
oxides containing a fluorine was deposited, and it considered as the 1 st transparence conductive layer. 

[0040] The sample which deposited the 1st transparence conductive layer 103 was set to the stage of a laser beam machine. Oscillating 
an YAG laser, it moved on the stage, the laser beam was scanned, the lower part groove 104 with a width of face of 100 micrometers 
was cut, and the lower electrode which consists of ZnO and Ag was divided into ten by width of face of 3cm. The output was [ 4kHz 
and the scan speed of 8W and an oscillation frequency ] 5cm/second at the time of continuously transmitting of the laser at this time. 
[0041] Then, the sample was set in the glow discharge equipment of an parallel monotonous capacity-coupling mold, membranes were 
formed with RF-CVD method in order of n layers, i layers, and p layers on condition that Table 1, and it considered as the photo- 
electric-conversion layer 105. When the electron diffraction experiment was conducted, it turned out that p layers are microcrystal- 
ized. 
[0042] 
[Table 1] 
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[0043] The ITO target was used on the photo-electric-conversion layer 105, and by making Ar into sputtering gas, 500A of ITO(s) was 
deposited in the spatter, and it considered as the 2nd transparence conductive layer 106. [0044] Having set the sample to the laser 
beam machine of drawing 2 again, and oscillating an YAG laser, it moved on the stage 209, the laser beam was scanned, the up part 
groove 107 with a width of face of 100 micrometers was formed, and the 2nd transparence conductive layer 106 was divided into ten 
by width of face of 3cm. Moreover, about 300 micrometers of up part grooves 107 were shifted with the lower part groove 104, and 
they were formed. 

[0045] Furthermore, between the lower part groove 104 and the up part grooves 107 was irradiated with YAG laser light, the 1st 
transparence conductive layer 103, the photo-electric-conversion layer 105, and the 2nd transparence conductive layer 106 were 
crystallized, and the connection 108 was formed. 

[0046] Finally, Ag paste was printed in the configuration of Kushigata, as shown in drawing 3 , and it was used as the current 
collection electrode 109. 

[0047] The photovoltaic-cell array (sample 1) which carried out series connection to ten steps as mentioned above was created. 
[0048] When series resistance of this sample 1 was measured, it is 2 an area of 1cm. Resistance almost equivalent to the simple 
substance component which carried out series connection was shown. When measurement same about the comparison sample 1 
formed without using difloro chloromethane, when forming the 1st transparence conductive layer 103 for a comparison was carried 
out, it was a value with series resistance higher than a sample 1 . 

[0049] Moreover, when VI property was measured under AMI and 5 (100 mW/cm2) light exposure and initial photoelectric 
conversion efficiency was measured, the sample 1 excelled the comparison sample 1 in the property. 

[0050] Moreover, although layer exfoliation was not seen by the sample 1 as a result of the cross-section observation by SEM layer 
exfoliation was slightly seen by the comparison sample 1 . 
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[0051] Moreover, as a result of measuring the conversion efficiency after a photodegradation trial, the sample 1 excelled the 
comparison sample ! in the property. 

[0052] Therefore, it turned out that the photovoltaic-cell array of this invention is excellent. 

[0053] (Example 2) aluminum film was formed on the polyimide substrate on the same conditions as an example 1, and it considered 
as the metal layer 102. 

[0054] Then, the ZnO layer containing a fluorine was formed by RF spatter as follows. 50sccm installation of the Ar gas was carried 
out by having made the target into ZnO:F (1%), the substrate temperature of 350 degrees C and a pressure were set to 5mTorr(s), RF 
power 300W were impressed to the target electrode from the spatter power source, and Ar plasma was occurred. 500A of ZnO film 
containing a fluorine was deposited, and it considered as the 1st transparence conductive layer 103. 

[0055] SiH4 after forming the lower part groove 104 on the same conditions as an example 1 SiF4 It changed and also the photo- 
electric-conversion layer 1 05 was formed on the same conditions as an example 1 . 

[0056] formation of the 2nd transparence conductive layer 106 - ITO:F - a target - using - Ar - sputtering gas - carrying out ~ 
SUPPATA - 500A was deposited in law. Furthermore, on the same conditions as an example 1 , the up part groove 107, the 
connection 108, and the current collection electrode 109 were formed, and it considered as the sample 2. When forming the 1st 
transparence conductive layer 103 for a comparison, the comparison sample 2 was created using the ZnO target which does not 
contain a fluorine. 

[0057] The sample 2 excelled the comparison sample 2 in the property like the example 1 as a result of the series resistance 
measurement of this sample 2 and the comparison sample 2, initial photoelectric-conversion-efficiency measurement, cross-section 
observation, and the conversion efficiency measurement after a photodegradation trial. 
[0058] Therefore, it turned out that the photovoltaic-cell array of this invention is excellent. 

[0059] (Example 3) aluminum film was formed on the polyimide substrate on the same conditions as an example 1, and it considered 
as the metal layer 102. 

[0060] Then, the ZnO layer containing a fluorine was formed by RF spatter as follows. They are 50sccm(s) and CF4 about Ar gas, 
using a target as ZnO. 5sccm installation of the gas was carried out, the substrate temperature of 350 degrees C and a pressure were set 
to 5mTorr(s), RF power 300W were impressed to the target electrode from the spatter power source, and Ar plasma was occurred. 
500A of ZnO film containing a fluorine was deposited, and it considered as the 1st transparence conductive layer 103. 
[0061] After forming the photo-electric-conversion layer 105 on the same conditions as an example 1, the wrap mask was carried for 
the part which forms the up part groove 107, 650A of ITO film was deposited in the spatter, and the 2nd transparence conductive layer 
1 06 and up part groove 1 07 were formed by removing a mask. 

[0062] After forming a connection 108 on the same conditions as an example 1, the mask of Kushigata was carried, and with the 
electron beam vacuum deposition method, chromium (40nm) / silver (lOOOnm) / chromium (40nm) was deposited, and it considered 
as the current collection electrode 109. 

[0063] It is CF4 in case the 1st transparence conductive layer 103 is formed for a comparison. The comparison sample 3 was created 
using the ZnO target, without introducing gas. 

[0064] The sample 3 excelled the comparison sample 3 in the property like the example 1 as a result of the series resistance 
measurement of this sample 3 and the comparison sample 3, initial photoelectric-conversion-efficiency measurement, cross-section 
observation, and the conversion efficiency measurement after a photodegradation trial. 
[0065] Therefore, it turned out that the photovoltaic-cell array of this invention is excellent. 
[0066] 

[Effect of the Invention] The photovoltaic-cell array created by the manufacture approach of the photovoltaic-cell array of this 
invention controlled increase of series resistance of a photovoltaic-cell array in order to reduce the specific resistance of the series 
connection section formed of laser light. Moreover, damage on the substrate by laser light was controlled, layer exfoliation was 
prevented and reduction of the light transmittance of a transparence conductive layer was controlled. Consequently, in order to 
improve the ohmic nature in the interface of ZnO and a photo-electric-conversion layer, initial conversion efficiency improved and 
endurance and weatherability improved. 
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